182     JAMES   PRESCOTT   JOULE
one-half of Its bulk, and that 50° are absorbed by a corres-
ponding rarefaction. "But our knowledge of the specific
heat of elastic fluids is of such an uncertain character, that
we should not be justified in attempting to deduce from them
the absolute quantity of heat evolved or absorbed." He
avoids this difficulty by surrounding his apparatus with
water whose temperature may be measured.
As the changes of temperature in the large quantity of
water required to surround the condensing pump and
receiving chamber must be very small, a very delicate
thermometer was required. Joule described his own
method of constructing a special thermometer with which
he could measure temperatures to two-hundreds of a Fahren-
heit degree. The water was contained in a double-walled
tank, with air between the walls.
After the temperature of the water, which weighed
45 Ib. 3 oz., had been noted, dried air was pumped into the
receiver until the pressure had attained about twenty-two
atmospheres.
The pumping took about twenty minutes. The water
was stirred for five minutes, and its temperature was again
measured. In his first series of experiments he found the
rise of temperature was 0-643°, °f which 0-297° were due
to the friction of the pump, established by working the pump
without admitting air to the compressor.
The heat from the operation was distributed through the
water, the metal of the pump and receiving chamber, and
the tank, and was equivalent to 13-628° F. for one pound
of water. From Boyle's and Mariotte's law he calculated
that the compression must have absorbed work equivalent
to 11,220-2 foot-pounds. The division of this number
by 13-628 gives 823 as the mechanical equivalent of heat.
The next series of compressions gave 795.
In order to confirm his opinion "that the heat evolved
was simply the manifestation, in another form, of the
mechanical power expended in the act of condensation,"
he placed two almost equal copper receivers, joined by a
tube and stop-cock, into a water tank. One receiver was
filled with air at about 22 atmospheres, and the other

